Introduction
The utilization of plasma technology in wireless communication has been developed due to its potential and innovativeness. Ionized plasma is a conductor element and functions as an radio frequency (RF) element for transmitting and receiving electromagnetic wave [1] . The ionized plasma has the ability to be turned on and off, reducing its radar cross section and unwanted effects i.e mutual couplings, on the RF network. Furthermore, this ability can also be manipulated to construct a re-configurable antenna system. Therefore, plasma technology is in accordance with current and near future requirements.
Plasma antenna is a type of antenna in which the metal conducting elements of a conventional antenna are replaced by plasma. Plasma antenna works when a contained gas is ionized into plasma state and become electrically conductive so that it responds strongly to magnetic fields and can be used as an antenna when RF is supplied [2] - [3] . For antenna applications, the antenna must be maintained in precise spatial distributions such as filaments, columns, or sheets. The plasma volume can be contained in an enclosure (tube) or suspended in free space [4] . By containing the plasma in a plasma in a glass tube (afterwards termed as plasma column), one could parameterize various elements of the plasma charging setup to properly design an efficient antenna. Rayneret. al. successfully evaluated the relations of several parameters such as the column length, applied RF power and plasma density to specific conventional metal antenna characteristics in [2] . Furthermore, it was also found that the characteristic of a plasma antenna is controlled by parameters such as plasma density, tube shape, and current distribution [3] . It has been reported that the performance of plasma antenna and metal antenna are similar in terms of their RF characteristic [5] - [6] , and better in terms of robustness to thermal noise [7] Several techniques for producing plasma were introduced. Plasma can be produced by electron impact ionization, photo-ionization, or simply heating the gas inside the tube. For plasma commercialization, mixture of mercury and argon are commonly used for fluorescent tube. Through heating process, the ability of vapour mercury to excite argon will produce ionized plasma. Gases are commonly used in plasma because of their large ionization potential which reflects the stability of electron configuration [8] . Nevertheless, variations of physical characteristics of different inert gases will result in different selection of parameters to construct the plasma antenna. Initial works to investigate the effects of different type of gases to the antenna radiation pattern and efficiency were reported in [8] - [9] . Furthermore, several methods to charge the gases into plasma state were proposed for plasma antenna construction in [10] - [11] . Among them, RF charging method is being given a lot of attention since it does not require as high peak power as the DC charging method, and having a simple charging circuit. For instance, many works have demonstrated working examples using a combination of an RF source and energy into the plasma tube, as reported in [11] .
In this paper, the plasma antenna performance was investigated while considering the usage of different noble gas as the plasma medium, which will be charge using an RF charging with a capacitive coupling method. The study focused on the design of the coupling sleeve used, particularly by investigating the effects of number of turns of the coupling sleeve on the antenna performance. Similarly as in [9] , 3 types of plasma antenna with different gases were used for comparison, namely argon, nitrogen and fluorescent (10% mercury, 90% argon). The characteristic of the proposed plasma antennas were analyzed by CST Microwave Studio.
The rest of the paper is conducted as follows: Section II describes and explains the antenna design, the respective results and discussions, and finally conclusions and future works are summarized in Section III.
II. Antenna Design And Simulated Result
Monopole plasma antennas based on an RF charging were designed using CST Microwave Studio. The design of plasma antennas includes 2 different discharge tubes with length 130 mm and 10 mm, and each discharge tube contains argon and nitrogen gases respectively. Figure A shows structure of proposed plasma antenna for discharge tubes argon and nitrogen. The characteristics of monopole plasma antenna for discharge tubes are compared with a commercially available fluorescent tube to analyze performance of each plasma antenna. The structure of discharge tubes is shown in Fig. 1 . Each antenna is feed by SMA connector that located ends of coupling sleeve. The impedance of feeding coaxial transmission line is 50 Ω.
The coupling sleeve is positioned in the middle of the tubes to obtain the maximum plasma length of plasma column. The coil acts as inductance that causes an electromotive force to be generated by a changed in the flowing current. Antenna coil is needed to produce a magnetic field to ionize the plasma tube. The coil magnetic field is directly proportional to the number of turns and to the coil current due to the inductance formula.
(1)
Where L is the inductance of the coil in Henrys, N is the number of turns of coil, A is the area of the coil in square meters, l is the average length of the coil in meter, µ is the permeability of the core material, Ɛ is electromotive force in volts and is magnetic flux in Webers. According to equation (1), (2) and (3), the number of turns will have a direct effect on coil resistance. A greater number of turns of coil results in greater inductance and greater amount of magnetic field force.
Parameter structure of plasma antenna is shown in Table 1 . 
Effects of different pressure
Monopole argon plasma antenna pressure was varied from 0.5 Torr, 1 Torr, 5 Torr to 10 Torr, in order to analyze the effects of different pressure on the antenna performance. Previous study [11] 
The corresponding performance of argon plasma antenna in Table 2 shows that different pressure gave different performance in terms return loss and gain. It was found that argon plasma antenna gave highest gain at pressure 5 Torr with 3.20 dB follow by 1 Torr, 10 Torr and 0.5 Torr with 2.79 dBm, 2.70dBm and 1.63 dBm respectively. 
Effects of different gases
Analysis of effects of different gases involves 3 of plasma antenna which are argon, nitrogen and fluorescent. From previous analysis, argon plasma antenna gave highest gain at pressure 5 Torr. Because of fluorescent plasma antenna is used as benchmark for this analysis, the availability pressure for fluorescent only at 10 Torr. Hence, all the gases were used a same pressure and no. of turns of coupling sleeve, 10 Torr and 4 turns. Fig. 4 represents the comparison of plasma antenna with different gases. Similar with the previous case, the results showed that different gases for the same pressure gave different performance in terms of return loss and gain. Table 3 shows the performance of different gases of plasma antenna with same pressure. At pressure 10 Torr, nitrogen gave highest gain for plasma antenna, 3.74dB at 4.19 GHz with return loss, -30.41dB follow by fluorescent 3.58 dBm at 4.05 GHz with return loss, -22.94dB and argon 2.70 dBm at 4.44 GHz with return loss -27.50 dB. 
Effects of varying no. of turns
The simulation of plasma antenna includes 3 different gases which are argon, nitrogen and fluorescent with pressure 10 Torr. Number of turns of the coupling sleeve for each tube is varied from 2 turns until 7 turns to measure the performance of plasma antenna.
2.3.1
Argon Fig.4 shows performances return loss for argon plasma antenna with different no. of turns of coupling sleeve. It is observed that each turns of coupling sleeve resulted different of resonant frequency with 2 turns have highest return loss, -30.230 dB at 4.19 GHz. Table 3 represents performance of argon plasma antenna with different no. of turns of coupling sleeve. The highest gain for argon plasma antenna is 6 turns of coupling sleeve at 3.449 dB. 5 shows radiation pattern E-plane for argon plasma antenna with different no. of turns of coupling sleeve due to optimum frequency. The E-plane radiation patterns are stably omni directional.
2.3.2
Nitrogen Fig.6 shows performances return loss for nitrogen plasma antenna with different no. of turns of coupling sleeve. Similar with previous case, it was observed that each turns of coupling sleeve resulted different of resonant frequency with 4 turns have highest return loss, -30.42 dB at 4.19 GHz. Table 4 represents performance of argon plasma antenna with different no. of turns of coupling sleeve. The highest gain for nitrogen plasma antenna is 6 turns of coupling sleeve at 3.269 dB. Fig. 7 . Radiation pattern E-fields for nitrogen plasma antenna with different no. of turns of coupling sleeve. Fig. 7 shows radiation pattern E-plane for argon plasma antenna with different no. of turns of coupling sleeve due to optimum frequency. The E-plane radiation patterns are stably omni directional.
2.3.3
Fluorescent Fig.8 shows performances return loss for fluorescent plasma antenna with different no. of turns of coupling sleeve. It was found that each turns of coupling sleeve resulted different of resonant frequency with 5 turns have highest return loss, -45.69 dB at 4.33 GHz. Table 5 represents performance of argon plasma antenna with different no. of turns of coupling sleeve. The highest gain for argon plasma antenna is 7 turns of coupling sleeve at 3.76 dB. Fig. 9 shows radiation pattern E-plane for argon plasma antenna with different no. of turns of coupling sleeve due to optimum frequency. The E-plane radiation patterns are stably omni directional. The radiation pattern of plasma antenna display almost identical characteristics to the radiation pattern of conventional monopole antenna. From the results, different gas with different pressure has different performance due to no. of coupling sleeve. According to the theory of electromagnetic inductance, more turns of the coil will generate a greater amount of magnetic field force and decreasing amount of coil current. From equation (3), it was known that permeability affects plasma density and plasma volume produced, which is when the permeability is unstable, the inductance will also be unstable as the current through the coil. In fact, plasma density and plasma volume produced were influenced the conductivity distribution of the plasma column that generated from the coil [11] . Hence, the conductivity distribution is affecting the optimum signal power due to saturated of plasma conductivity.
Meanwhile, the fluctuation of return loss due to increasing of number of turns of coupling sleeve were affected by cancelation of current due to mender line technique. By meandering line the elements the capacitance per unit length and inductance per unit length is increased. The wave velocity propagating in the mender line element were reduce, which effectively shortens the overall physical length [12] .
III. Conclusion
The simulated performances of monopole plasma antenna with gases, pressure and number of coupling sleeve were presented. It was found that different gases of plasma antenna resulted in different of resonant frequency. Hence, plasma antenna can be use widely by consideration of the application. The capability of a plasma antenna to operate as transceiver in the particular frequency band was verified through simulation. The radiation patterns were comparable to the conventional metals antennas and the number of turns (coupling However, careful parameterization must be done to achieve a good return loss performance.
